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® Acid stable dldeoxynucleosldes active against the cytopathlc effects of human Immunodeficiency 
virus. 



© 2'3/-dideoxynucleosides which are effective in 
inhibiting the infectivity of the human im- 
Cjl munodeficiency virus and which are stable in an 
^acidic environment are disclosed, which compounds 
^f) conform to the formula: 
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wherein 

X is selected from the group consisting of 

hydrogen. F, CN, N 3 and NO2; 
Y is either H or F; with the proviso that Y is F 
only when X = H. 

Also disclosed is a compound of the formula: 



o 




Also disclosed are compounds conforming to the 
formula: 



R 




wherein 

A is selected from the group consisting of OH 
and NH 2 

B is selected from the group consisting of H. 
CH 3 , CF3, CH = CHBr. and halogen. 



wherein 

R may be either OH or NH 2 ; and I is NH 2 . 

Also disclosed are compounds conforming to the 
formula: 
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ACID STABLE DIDEOXYNUCLEOSIDES ACTIVE AGAINST THE CYTOPATHIC EFFECTS OF HUMAN IM- 
MUNODEFICIENCY VIRUS 



FIELD OF THE INVENTION 



The present invention relates to dideox- 
ynucleosides which are stable in acid environ- 
ments, such as found in the human stomach. 



BACKGROUND OF THE INVENTION 



Acquired immune deficiency syndrome, or 
AIDS. Is a fatal disease which has reached epi- 
demic proportions among certain high risk groups. 
Several features of AIDS make therapy extremely 
difficult. The main target of the AIDS virus, now 
known as HIV, or human immunodeficiency virus, 
is the T4 lymphocyte, a white blood cell that mar- 
shals the immune defenses. This depletion of T4 
cells in AIDS causes a severe depression of the 
immune response, so that a compound which is to 
be effective against AIDS must modify virus effect 
without much help from host immunity. Further- 
more, the virus also affects cells in the central 
nervous system, where it is protected by the blood- 
brain barrier from compounds that might otherwise 
be effective against the virus. In infecting its host, 
the HIV binds to specific cell-surface receptor mol- 
ecules. The virus penetrates the cell cytoplasm and 
sheds its protein coat, thereby baring its genetic 
material, a single strand of RNA. A viral enzyme, 
reverse transcriptase, accompanies the RNA. The 
virus, a retrovirus, reverse transcribes the RNA into 
DNA. Ultimately, some DNA copies of the HIV 
genome become integrated into the chromosomes 
of the host cell. 

This integrated viral genome, known as a pro- 
virus, may remain latent until the host cell is stimu- 
lated, such as by another infection. The proviral 
DNA is then transcribed into mRNA, which directs 
the synthesis of viral proteins. The provirus also 
gives rise to other RNA copies that will serve as 
the genetic material of viral progeny. The proteins 
and the genomic RNA congregate at the cell mem- 
brane and assemble to form new HIV particles, 
which then break off from the cell. Two HIV genes, 
tat and trs/art , appear to control this burst of repli- 
cation, which destroys the cell. These genes code 
for small proteins that boost the transcription of 
proviral DNA and the synthesis of viral proteins. 

Several compounds have been shown to re- 
duce the activity of reverse transcriptase in vitro. 
The reverse transcription is the step that is essen- 



tial to viral replication and irrelevant to host cells. It 
has been found that HIV replication is considerably 
slower in the presence of compounds such as 
suramin, antimoniotungstate, phosphonoformate, 

5 and a class of nucleoside analogues known as 
dideoxynucleosides. 

Nucleoside analogues are a class of synthetic 
compounds that resemble the naturally occurring 
nucleosides, which are chemical precursors of DNA 

10 and RNA. A nucleoside comprises a single-or 
double-ring base linked to a five-carbon sugar mol- 
ecule. An analogue differs from the naturally-occur- 
ring nucleoside in large or small features of the 
base or the sugar. An enzyme that normally acts 

;5 on a nucleoside in the course of viral replication 
can also bind to the nucleoside analogue. Because 
the nucleoside and the analogue differ, however, 
binding to the analogue can incapacitate the en- 
zyme, thereby disrupting a molecular process 

20 crucial to viral replication. 

Of the synthetic nucleoside analogues, 2',3'd- 
ideoxyadenosine (ddA) has been found to have 
potent in vitro activity against the human im- 
munodeficiency virus which causes AIDS. Because 

25 the activated form of dideoxynucleosides (5- 
triphosphate) appears to inhibit the replication of 
the virus at the stage of reverse transcription of de 
novo infection of the virus, it is most likely that a 
drug of this type must be taken continuously if the 

30 therapeutic effect is to be maintained. Since daily 
treatment for a long period might ensue, oral drug 
administration is envisioned as the most practical 
route for a patient population numbering in the 
thousands. 

35 Drugs administered orally are exposed to a pH 
range of 1 to 2 in the human stomach environment 
for approximately one hour. This could result in 
drug stability problems with ddA, since this com- 
pound undergoes acid-catalyzed hydrolysis of the 

40 glycosidic bond at a rate 40,000 times faster than 
adenosine. It was found that ddA has a ti* of 35 
seconds at pH 1 .0 at 37°C (Figure 3). Cleavage of 
this compound not only reduces it efficacy, but 
potential problems of toxicity may occur due to 

46 formation of excessive quantities of the cleavage 
products. 



SUMMARY OF THE INVENTION 

50 

It is an object of the present invention to pro- 
vide synthetic nucleosides which are useful in 
treating AIDS. 
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It is another object of the present invention to 
provide synthetic nucleosides which are stable in 
an acid environment. 

It is a further object of the present invention to 
provide synthetic nucleosides which inhibit the in- 
fectivity of the human immunodeficiency virus. 

It is yet a further object of the present invention 
to provide synthetic nucleosides which can be ad- 
ministered orally to treat acquired immune defi- 
ciency syndrome. 

It is yet another object to overcome deficien- 
cies in the prior art, such as indicated above; and 
still a further object to advance AIDS therapy. 

The compounds of the present invention have 
potent activity in vitro against the HIV virus, the 
virus which causes AIDS. These compounds are 
also stable to the acidic conditions which exist in 
the human stomach. pH 1-2. 

The compounds of the present invention have 
the following formulae: 




wherein 

X is selected from the group consisting of 
hydrogen, F, CN, and NO2; 
Y is either H or F; with the proviso that X and Y 
cannot both be H. 

The compound obtained when X and Y are 
both H is 2',3-dideoxy-adenosine, referred to 
hereinafter as Compound I, a known compound. 

The compound obtained when X=H and Y=F 
is 2',3'-dideoxy-2'-alpha-fluoroadenosine, hereinafter 
referred to as Compound II. The compound ob- 
tained when X = F and Y = H is 2\3'-dideoxy-2'-beta- 
fluoroadenosine, hereinafter referred to as Com- 
pound III. 

Another embodiment of the invention is repre- 
sented by the formula: 



70 




75 



wherein 

R is either OH or NH 2 ; and 
L is NH 2 . 

Still another embodiment of the invention is 
represented by the formula: 



20 



25 




30 



35 



In yet another aspect, the present invention 
relates to compounds of the formula: 



40 



45 



50 




55 



wherein 

A is selected from the group consisting of OH 
and NH 2 ; 

B is selected from the group consisting of H, 
CH3, CH = CHBr, and halogen. 
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DESCRIPTION OF THE DRAWINGS 



Figure 1 shows the activity and potency of 
ddA and the 2'-beta-fluoro derivative (Compound 
ill) of ddA against HIV. 

Figure 2 shows the stability of 2,3-dideox- 
yadenosine (Compound I) and 2',3'-dideoxy-2'- 
alpha-fluoroadenosine (Compound II) in an environ- 
ment of pH 2 at 37°C. 

Figure 3 shows the rate of decomposition for 
2',3'-dideoxyadenosine (A) and 2\3'-dideoxy-2-be- 
tafluoroadenosine (O) at pH 1 and 37 °C. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF INVENTION 



In order to study acid-catalyzed decomposition 
of the subject compounds, a pH 1 buffer was 
prepared by dissolving 0.746 g KCI and 26.8 g 1 .0 
N HCI in sufficient distilled water to give 200 ml 
total volume. Ten ml of buffer, prewarmed to 
37°C, was added to 102 micrograms of ddA 
(Compound I), and 93 micrograms of each of com- 
pounds II or 111. The samples were shaken and 
maintained at 37°C. Aliquots were taken at timed 
intervals and neutralized immediately with 0.1 
NaOH and chilled on ice. The amounts of ddA and 
the fluorinated analogs were determined by HPLC 
analysis using a 4.6 x 250 mm 5 microgram Ul- 
trasphere ODS column protected by a guard col- 
umn packed with 37-50 micron Vydac 201 SC. Elu- 
tion was with 12% acetonitrile in 0.01 M pH 6.8 
phosphate buffer at 1.0 ml/minute. The integrator 
peak areas were plotted as a function of time, and 
the data was fitted to a first order decomposition 
curve by a computer program (MLAB). 

To test the cytopathic effect of the compounds 
of the present invention. HIV cytopathic assay was 
performed using ATH8 cells as described by Mit- 
suya et al., Proc . Nat . Acad . Sci . USA , 83, 1911 
(1986). In brief, 2 x 10 5 ATH8 cells were preex- 
posed to polybrene. exposed to HTLV-!II Q virus 
(2000 virus particles/cell) for 45 minutes after treat- 
ment with polybrene, resuspended in 1 ml of cul- 
ture medium containing Interleukin 2 in the pres- 
ence or absence of various concentrations of com- 
pounds, and incubated in culture tubes at 37°C. in 
5% C02'95% air humidified atmosphere. Control 
cells were treated similarly but were not exposed to 
the virus. At various times on days 5 to 7 of 
culture, the total viable cells were counted in a 
hemocytometer by the trypan blue dye exclusion 
method. In the HIV cytopathic effect assay using 
ATH8 cells, 0.5 to 5 virus particles per cell repre- 
sent the minimum cytopathic dose of the virus. 



The 2'-alpha-and 2'-beta-fluoroisomers of 2\3'- 
dideoxyadenosine. compounds II and III, were syn- 
thesized as described below. 

The alpha-isomer was obtained in four steps 

5 from 3'-deoxy-ara-A. The 5'-hydroxyl group was 
protected with dimethoxytrityl chloride, and the 2'- 
hydroxyl group was activated by formation of the 
corresponding triflate derivative. The configuration 
of the ^-position was inverted by an SNa displace- 

w ment using tetra-n-butylammonium fluoride. The 
dimethoxytrityl protective group was removed with 
dichloroacetic acid. The nucleophilic displacement 
of triflate by fluoride ion gave compound II as a 
lyophiiized white powder, R f 0.25 (Si02, CHCb 

T5 :CH 3 OH ::9:1); m/z calc. CioHnNsOaF (MH + )- 
254,1052. found 254.1059 t 0.0017. This was ac- 
companied by a minor, olefin-forming reaction 
caused by elimination rather than displacement of 
the triflate group. A similar type of elimination reac- 

20 tion became exclusive when the same synthetic 
approach was applied to the preparation of the 
beta-isomer from 3'-deoxyadenosine (corcycepin). 

The failure of the triflate displacement reaction 
required the development of an alternative ap- 

25 proach for formation of the beta-isomer. This re- 
quired the synthesis of the previously reported 
compound 6-amino-9-(beta-D-2'-deoxy-2'- 
fluoroarabinofuranosyl)-9-H-purine (2'-F-ara-A f com- 
pound VI), as a starting material. This intermediate, 

30 originally synthesized by Fox et al„ J. Org . Chem ., 
34, 2632 (1969) was prepared using the improved 
general procedure of Montgomery et al., J. Med . 
Chem ., 29, 2389 (1986). This improved procedure 
involved condensing 6-chloropurine with 3-0- 

35 acety l-5-O-benzoyM -2-deoxy-2-f luoro-D- 

arabinofuranosyl bromide. The required func- 
tionalized halogenosugar was prepared in essen- 
tially the same manner as reported by Fox et al., J. 
Carbohyd . Res. , 42, 233 (1975). As expected, four 

40 isomers were obtained from the condensation reac- 
tion. After separation and characterization of the 
correct 6-chloro isomer, the required starting ma- 
terial, 2'-F-ara-A, was obtained by ammonolysis 
with concentrated methanolic ammonia which si- 

45 multaneously removed the protective groups. All of 
the chemical, optical, and spectral properties of the 
compound matched those reported for 2'-F-ara-A. 
Selective protection of the 5-hydroxyl function of 
this compound by reaction with t-buty!dimethyl silyl 

so chloride gave a product that permitted the two-step 
reduction of the 3'-hydroxyl group. Treatment with 
phenyl chlorothiocarbonate followed by reaction of 
the intermediate 3'-0-phenoxythiocarbonyl deriva- 
tive with tri-n-butyl tin hydride, produced the de- 

55 sired 2',3'-dideoxy nucleoside with the 2'-fluorine in 
the beta, or "up", configuration. This required only 
the removal of the 5'-blocking group with tetra n- 
butyl ammonium fluoride to give compound III as a 
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white lyophilized product, R f 0.18 (Si0 2 . CHCl +3 
:CH 3 OH: :9:1); nrvz calc. C^Hi 3 N 5 0 2 F (MH*) 
254.1052, found 254.1031 ± 0.0018. 

It was found that 2';3'-dideoxy-alpha- 
fluoroadenosine, compound II, was stable to acid- 
catalyzed decomposition; the addition of a fluorine 
atom in this "down" configuration gave the com- 
pound with a. protective effect against HIV of 25% 
that seen with ddA. 

A change in the fluorine stereochemistry at the 
2'-position, however, produced dramatically better 
results. Compound III, 2\3'-dideoxy-2'-beta- 
fluoroadenosine was approximately as active and 
potent as ddA in protecting ATH8 cells against the 
cytopathic effect of HIV, as shown in Figure 1. 
under conditions of substantial viral excess. Fur- 
thermore, the antiviral effect of compound ill was 
as durable as that of the parent compound, com- 
pound I. In addition, compound III was completely 
unchanged after a 24 hour exposure to acidic con- 
ditions at pH 1 . as shown in Figure 3. Based on the 
mechanism proposed for the acid decomposition of 
this compound, the increased stability of this com- 
pound as well as that of the alpha-isomer may be a 
consequence of the inductive destabilization by 
fluorine of the intermediate oxonium ion which 
would result from hydrolysis of the glycosidic bond. 
While fluorine is an ideal group to introduce be- 
cause of its strong electronegative effect and size 
similarity to hydrogen, other electronegative groups 
in the 2'-position such as cyano, azido, nitro etc., 
should have acid stabilizing properties also. 

2',3'-dideoxy-2'-beta-fluoroinosine, compound 
IV, was prepared enzymatically from compound III, 
2\3'-dideoxy-2'-beta-fluoroadenosine, by treatment 
with adenosine deaminase (adenosine 
aminohydrolase, EC 3.5.4.4). One milligram of 2\3'- 
dideoxy-2'-beta-fluoroadenosine was dissolved in 
one mi water at room temperature, and 0.25 micro- 
liter of commercial adenosine deaminase enzyme 
solution, one unit, was added. The reaction, which 
was monitored by HPLC (260 nm, UV detection), 
was complete in one hour. 

Compound IV, 2',3'-dideoxy-2'-beta-fl- 
uoroinosine, has a HPLC retention time of 6.64 
minutes using a 4.6 x 250 mm 5 microliter 
Beckman/Altex Ultrasphere ODS analytical column 
preceded by a Waters guard column (Vydak). The 
mobile phase used was 8.5% acetonitri!e/0.01 M 
phosphate buffer, at pH 6.8. Compound IV was 
obtained by ultrafiltration to remove the protein, 
followed by iyophiiization. 

It has been found that adenosine deaminase in 
the body causes the metabolism of 2',3'-dideoxy-2'- 
beta-fluoroadenosine to compound IV, 2',3'- 
dideoxy-2'-beta-fluoroinosine. Compound IV is also 
useful in inhibiting the infectivity of the HIV virus. 
Because the compounds of the present inven- 



tion are stable in an acid environment such as is 
found in the human stomach, they can readily be 
formulated without the need for pH buffers into 
dosages suitable for oral administration, using 

5 pharmaceutical^ acceptable carriers, which carri- 
ers are well known in the art. Such carriers may t 
enable the compounds to be formulated as tablets, 
pills, capsules, liquids, gels, and the like, for oral 
ingestion by a patient to be treated for AIDS. 

10 The precise dosage amounts to be admin- 
istered will be determined by routine experimenta- 
tion. In general, however, the dosage amounts will 
be comparable or less than those already known 
from the experimental use of dideoxy adenosine. 

75 The foregoing description of the specific em- 
bodiments will so fully reveal the. general nature of 
the invention that others can. by applying current 
knowledge, readily modify and/or adapt for various 
applications such specific embodiments without de- 

20 parting from the generic concept, and therefore 
such adaptations and modifications are intended to 
be comprehended within the meaning and range of 
equivalents of the disclosed embodiments. It is to 
be understood that the phraseology or terminology 

25 employed herein is for the purpose of description 
and not of limitation. 



Claims 

30 

1. A compound characterized in that it con- 
forms to the formula: 



35 



40 



45 




Y 



wherein 

X is selected from the group consisting of 
hydrogen, F, CN, and NO2; 
Y is either H or F; with the proviso that X and Y 
cannot both be H. 

2. A compound according to claim 1 which is 
2',3'-dideoxy-2'-beta-fluoroadenosine, 

3. A compound according to claim 1 which is 
2',3'-dideoxy-2'-alpha-fluoroadenosine. 
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4. A composition for inhibiting the infectivity of 
the human immunodeficiency virus characterized in 
that it comprises a compound according to any one 
of claims 1 to 3 and a pharmaceutical^ acceptable 
carrier. 5 

5. A process for preparing 2\3'-dideoxy-2'-beta- 
fluoroinosine characterized in that it comprises 
treating 2'.3'-dideoxy-2'-beta-fluoroadenosine with 
adenosine deaminase. 

6. A compound characterized in that it con- 10 
forms to the formula 



15 



20 



25 



wherein 

R is selected from the group consisting of OH 
and NH 2 

L is NH 2 . 30 

7. A compound characterized in that it is 2\3'- 
dideoxy-2'-beta-fluoroinosine. 

8. A composition for inhibiting the infectivity of 
the human immunodeficiency virus characterized in 

that it comprises the compound of claim 7 and a 35 
pharmaceutical^ acceptable carrier therefor. 

9. The compound characterized in that it con- 
forms to the formula: 



40 





45 



50 



wherein 

A is selected from the group consisting of OH 55 
and NH 2 ; 

B is selected from the group consisting of H, 
CH 3 , CF 3 . CH = CHBr, and halogen. 
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FIG. I 



2',3'-Dideoxy-2'-j3- 

fluoroadenosine 2',3'-Dideoxyadenosine' 
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FIG.2 



STABILITY OF Fddfl & ddA PH2 37° 
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